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FOREWORD 

(U)  The test program reported herein was sponsored b y  the National 
Aeronautics and Space Administration (NASA) with technical l iaison pro- 

requested by the Hughes Aircraf t  Company to support the Surveyor P r o -  
gram under System 92 1E. 
motor (TE-364) tested in this program w a s  manufactured by the Thiokol 
Chemic a1 Corporation, Elkton, Maryland. 

/ vided by the Je t  Propulsion Laboratory ( JPL) .  This tes t  program was 

The spacecraf t ' s  main retrograde thrust  

( U )  Testing was conducted by ARO, Inc. (a subsidiary of Sverdrup 
and Parcel ,  Inc. ), in Propulsion Engine Test  Cell (5-5) of the Rocket 
Test  Facility (RTF), A rnold Engineering Development Center (AEDC), 
A i r  Force Systems Command (AFSC), Arnold A i r  Force  Station, Tennessee,  
under Contract AF40( 600)- 1200. The resu l t s  reported herein were obtained 
during the periods from July through September 1964, and May 13 through 
20, 1965, under ARO Project  Numbers RP1528 and RP1429, and this 
manuscript was submitted for  publication on October 28, 1965. 

(U)  This report is classified to prevent unauthorized access  to per -  
formance data of the Thiokol TE- 364 solid-propellant rocket motor  and i ts  
propellant formulation. 

(U)  This report contains classified information extracted f rom 
Documentation Brochure - -  Engines A 2 2 - 2 ,  A22-3, and A22-4, Surveyor 1 1  

Main Retro Engine Tes ts  a t  AEDC, Tullahoma, Tenn (U)  - -  E31-65, 
April 5, 1965, I '  and also from "Documentation Brochures  for  Engines 
A21-17, A21-18,  A21-23, and A21-24 Surveyor Main Retro Engine Tests. 
E59-64, May 1964, Confidential, Group 4. 

I t  

(U)  The Surveyor program in Propulsion Engine Tes t  Cell (5-5) re- 
quired the development of a horizontal multicomponent thrust  stand and 
use of a supplied motor/  propellant thermal  gradient conditioning system. 

( U )  This  technical report  has been reviewed and is approved. 

Ralph W. Everett 
Major, USAF 
A F Representative, R T F  
DCS/Test 

J ean  A .  J ack  
Colonel, USA F 
DCS/ Test 
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e) Nine Thiokol Chemical Corporation TE- 364, spherical ,  solid- 
propellant rocket motors,  designed for  use a s  the main retrograde 
thrust  motor in the Hughes Aircraft Company Surveyor Spacecraft, 
were tested in Propulsion Engine Test Cell (5-5) at maximum simulated 
altitudes ranging from 110, 000 to  116, 000 f t .  The objectives of testing 
were to: demonstrate an altitude ignition capability, measure altitude 
ballistic performance a t  a preselected grain temperature and also with 
a thermal gradient imposed on the motor/propellant assembly, deter-  
mine the axial thrust  vector excursion throughout motor operation, 
verify s t ructural  integrity of each motor during operation at near  vacuum 
conditons, measure  the low-range combustion chamber p re s su re  a f te r  
pr imary  burning is complete, accomplish and document the AMR 
antenna separation, record  dynamic forces  at  motor mounting plane, and 
measure  exhaust plume radiation heat flux. 
successfully at simulated altitudes varying from 75, 000 to 100, 000 ft.  
The average simulated altitude during motor burning ranged f rom 92,  000 
t o  112, 000 f t .  The specific impulse for  the nine motors ranged f rom 

The nine motors were ignited 

289. 0 to 291.4 lbf-sec/ lbm. 

iii 
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SECTION I 
INTRODUCTION 

yy) The Surveyor project is par t  of NASA's unmanned lunar  explora- 
tion program. 
and mechanical assemblies mounted on a spaceframe designed to make a 

This information will affect the design requirements of future manned and 
unmanned lunar  spacecraft. 
planned to perform light logistic missions in direct support of the Apollo 
program. 

8) On a typical mission the spacecraft  will be launched by an Atlas/  
Centaur vehicle, and approximately 66 h r  (and several  maneuvers) l a t e r  
the Surveyor will approach the moon and align its velocity vector to the 
main retrograde thrust  rocket motor .  A t  a preselected altitude, the 
altitude marking r ada r  (AMR) generates a signal resulting in the ignition 
of the spacecraft  liquid vernier engines and the TE-364 solid-propellant 
main retrograde thrust  motor. When the main retrograde thrust  rocket 
burns out, it is ejected from the spacecraft; at this point the relative 
velocity of the spacecraft is low. F rom this point on, the flight control 
electronics,  using a doppler velocity sensor  system, fur ther  control 
descent with the three vernier engines. When the vernier  engines stop, 
the spacecraft  descends to the lunar  surface,  cushioned by the landing 
gear .  

The Surveyor spacecraf t  is composed of several  electronic 

soft ' '  landing on the lunar surface and gather scientific data (Fig.  1). 

Advanced versions of this spacecraft  are  

1 1  

The Surveyor Main Retrograde Thrust  Motor (Fig.  2) was tested 
in  Propulsion Engine Test  Cell ( 5 - 5 )  in a series of motors  tested in two 
projects (Refs.  1 through 9) .  The motors  were loaded with various pro- 
pellant weights ranging f rom 1200 to 1300 lb. A l l  motors  were equipped 
with a flightweight, 53:l  a r ea  ratio, exhaust nozzle. 

@) This report  presents a summary  of the resul ts  of testing nine 
TE- 364 solid-propellant rocket motors  with selected comparisons and 
conclusions. 
altitude w e r e  to: demonstrate an altitude ignition capability, measure  
altitude ballistic performance at  a preselected grain temperature  and 
also with a thermal  gradient imposed on the motor/  propellant assembly, 
determine the axial thrust  vector excursion throughout motor  oper%tion, 
verify s t ructural  integrity of each motor during operation at near  vacuum 
conditions, measu re  the low-range combustion chamber p re s su re  after 
p r imary  burning is complete, accomplish and document the AMR antenna 
separation, record  dynamic forces at motor mounting plane, and measure  

Objectives of testing these rocket motors  at simulated 

Y 

exhaust plume radiation heat flux. These tes t s  
.. 

were accomplished under 

1 
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two basic projects: one fo r  the thrust  vector excursion program (motors 
S / N  A 2 1 - 1 1 ,  -12, -17 ,  -18, -23,  -24) and one for  the thermal gradient 
program (motors S / N  A 2 2 - 2 ,  -3, -4). 

SECTION II 
APPARATUS 

2.1 TEST ARTICLE 

fl The Thiokol TE- 364 is a full-scale, flightweight, solid-propellant 
rocket motor designed f o r  use  a s  the main retrograde thrust  system on 
the Surveyor spacecraft. The spherical  combustion chamber (Fig.  3) is 
36. 8 in. in diameter, 0. 04 in. thick, and is constructed of Ladish D6AC 
steel  with an ultimate strength of 220, 000 psi. 
chamber is lined with TP-H-301 Polymer and loaded into an internal 
s t a r  configuration (Fig.  4) with TP-H-3062, a composite solid propellant 
(ICC Class  B )  with the following composition: Polymer (binder),  M A P 0  
(curing agent), ERL500 (curing agent), aluminum (fuel), and ammonium 
perchlorate (composite fuel). 

The motor combustion 

j J )  The motor is equipped with a nominal 53:l expansion rat io  
(A  /A*)  (slightly contoured) nozzle (Fig.  5), whose s t ructure  is composed 
of a fiber glass outer layer  and carbon cloth phenolic inner layer  with an 
inner l iner  of bulk carbon phenolic. 

*The nozzle is equipped with a Graph-i-t i te Grade GX (density 
1. 90 gm/cc )  throat inser t  and a 7075-T6 aluminum attachment flange. 
The nozzle, which is partially submerged, has an exit ID of 24 in. The 
motor has three mounting lugs,  which a r e  attached at the equator and at  
the motor aft closure flange. The motor cases  were externally coated 
either with a zinc chromate paint o r  with a plastic compound. The nozzle 
closure (dust seal)  was removed before each motor was fired; however 
on S / N  A21-17 and A21-18, an AMR antenna dish was attached to the 
nozzle exit stiffening ring. The total loaded weight of the motors  ranged 
from 1370.7 to 1438. 63 lb.  The propellant weight ranged from 1197.  80 
to 1299.43 lb.  

d) Each motor was ignited by a propellant-type igniter (called a 
Pyrogen@ by Thiokol) (Figs .  2 and 3), which w a s  loaded with approxi- 
mately 0 .  5 lb  of TP-H-3062 solid propellant. The ignition within the 
Pyrogen w a s  initiated by a squib-initiator, which contained 19 gm of 
BKNOQ pellents and two Hi-shear PC37 electr ic  squibs. 
tion was activated by application of a 5-amp cur ren t  (28 v dc) to each of 
the two electric squibs. 

The motor igni- 

. 
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Each squib-initiator and Pyrogen was installed and pressure  
checked by the motor  manufacturer before a r r iva l  a t  AEDC. Inadvertent 
o r  premature ignition of each motor by the protechnic squibs was pre-  
vented by a s a f e / a r m  ( S / A )  mechanism (integrally mounted), which 
physically interrupted the firing t ra in  f rom the squibs to the B K N 0 3  
pellets. A s  long a s  the S / A  was locked in the "S" position, the motor 
was stored and handled as an ICC Class  B explosive. Some of the S / A  
mechanisms were manually operated, but the final configuration (Fig. 6 )  
(flightweight S/A Is) was electrically activated. 

2.2 TEST CELL AND INSTALLATION 

The motor was f i red in Propulsion Engine Test  Cell (5-5) 
(Ref. 10  and Fig. 7), a horizontal test  cell designed fo r  testing of solid- 

excess  of 100, 000 f t .  The cell is a cylindrical section 16 f t  in diameter 
and 50 ft long. 

.propellant rocket engines up to 100, 000 lb thrust  and at altitudes in 

w) Axial thrust  w a s  reacted by a thrust  abutment mounted on two 
1 1  1 1  33-in. I beams which are anchored to the cell  foundation (approxi- 

mately 600, 000 lb of reinforced concrete). The pitch and roll  forces  
a r e  reacted directly to the same two beams, whereas the yaw forces  
are  reacted by two columns (Fig. 7b) which extend through bellows seals 
in  the east  wall of the tes t  cell and a r e  anchored in a vertical  ' ' seismic 
mass" (Fig. 7c) consisting of approximately 600, 000 lb of reinforced 
concrete.  

d) The test  cell  is equipped with a temperature  conditioning system 
designed to maintain the test  cell and motor a t  any prescribed tempera- 
t u re  of 60 to 100 f 5°F f rom motor installation until pre-f i re  pumpdown. 
Th i s  system w a s  modified using liquid-nitrogen cooling to  maintain 
50 f 5°F for the thrust  vector excursion measurements.  
gradient program used special temperature  conditioning equipment. 

The thermal 

w) The rocket motor discharged into a 53-in. -diam water-cooled, 
diffuser duct section. 
diffuser ducts through a spray bank cooler. These spray  banks a s  be l l  
as all other test  cell  support functions w e r e  activated well in advance of 
the motor fir ing t ime in order  to achieve stable flow and thereby mini- 
mize  vibration to  the thrust  cradle force measuring elements. 

The exhaust-gas mixture flowed f rom the tes t  cell 

3 
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2.3 THERMAL GRADIENT CONDITIONING EQUIPMENT 

m Temperature conditioning equipment, furnished and operated 
by the Thiokol Chemical Corporation (TCC), was used to impose thermal  
gradients across  motors  S / N  A 2 2 - 2 ,  A22-3, and A22-4. This equip- 
ment consisted of temperature  conditioners, buffer boxes, gradient con- 
ditioning bag (in two sections ), three skir t  thermoconditioning pads, 
circulating ducts, and a complete motor temperature conditioning/ 
recording complex (shown in Fig. 8) .  The system was set up using the 
Wyle units as basic conditioners with buffer boxes in series to increase 
the temperature conditioning capability. The added cooling provided by 
the buffer boxes was accomplished by the periodic injection of gaseous 
C02 flashed (using an orifice) f rom a liquid. 
through the forward and aft sections (Zones 1 and 2, respectively) of the 
gradient conditioning bag and then back to the conditioning units. 
remaining part  of the gradient conditioning system (Zone 3) was the sk i r t  
thermoconditioning pads mounted on the three thrust  skir ts .  
w e r e  cooled by flashing liquid C02 and circulating the cooled gas through 
the pads. 
schematically in Fig. 8. 

The conditioning gas flowed 

The 

The sk i r t s  

A complete cycle of all three conditioning zones is shown 

2.4 FORCE MEASURING HARDWARE 

The Surveyor force measuring system (thrust  cradle) was de- 
signed, fabricated, and assembled to fulfill a "st i f f"  stand concept fo r  
measuring more than one component of a force with extremely low inter-  
action. 
ment columns, the load cells and compatible flexures were highly over- 
sized. 
load cell ,  whereas the yaw and pitch load cel ls  used had a rated full range 
of 0 to 6000 lb. The rol l  load cell used had a 0- to  100-lb rated range. 
These load cells were carefully calibrated in the ranges used and repre-  
sent one of the necessary elements in the "stiff" stand concept. 
system w a s  used for  the six-component thrust  vector excursion measure-  
ments. 
R e f s .  3 through 9. 

In addition to the massive reaction m a s s e s  for  the thrust  measure  

The axial load cell and flexures used were rated 0- to 100, 000-lb 

This 

A complete analysis and discussion of this system is presented in 

Each motor was installed into, and restrained by, a thrust  cradle  
(Fig. 9) ,  which was supported by two vertical  (pitch) load cell  columns 
and restrained in t h e  horizontal plane by yaw and axial load cell columns. 
An additional aft vertical  load cell column was used to r e s t r a in  the cradle  
in roll .  A l l  load cell  columns were flexure mounted (Fig.  9) .  The axial 
leg of the six-component thrust  system was equipped with a remotely 
operated, in-place, binary, deadweight, axial load cell calibrator.  The 

, 
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yaw (horizontal) load cells were equipped with an in-place physical 
calibrator which could be operated at sea-level condition. The pitch 
load cells were calibrated with a separate  pitch calibrator,  which was 
attached at the motor mounting plane and allowed the pitch load to be 
applied at  sea-level conditions. The roll  load cell was calibrated with 
a deadweight calibrator,  which could be loaded at sea-level conditions. 
The force measuring system was physically calibrated in place, for  
axial forces  up to 10, 000 lbf, yaw forces  up to 100 lbf, pitch f o r m s  up 
to 1200 lbf, and roll moment up to 250 in. -1b. 

m This same thrust stand system concept w a s  used for  the thermal  
gradient tes ts ;  however, the yaw, pitch, and roll  load cel ls  were re- 
moved. 
axial forces  in excess of 10, 000 lbf and w a s  calibrated in the same man- 
ne r  a s  described in the foregoing paragraphs.  

The thrust  stand used in these tes ts  was capable of measuring 

m) An important and necessary element in the force system was a 
highly precise  alignment capability (Fig.  10). The thrust  cradle  was 
built with close tolerances and was laboratory inspected to ensure cri t ical  
dimensions. Dowel pins were used to accurately locate the hardware 
physical elements. The cradle was optically aligned in the tes t  cell using 
optical targets  attached to the thrust  cradle  by laboratory personnel. 

4 

The thrust  cradle was equipped with "twang1' o r  s tep input dy- 
namic cal ibrators  in the yaw plane and in roll  about the thrust  axis. When 
a simulated motor  was used, the motor/cradle  thrust system exhibited 
natural  frequencies of 32 cps in yaw translation and 24.  5 cps in rotation 
in the yaw plane. 
in the axial direction and approximately 17  cps in roll  about the axial 
centerline. 
mately 25 to 30 cps.  

This system also exhibited a natural frequency of 4 1  cps  

The indicated natural frequency in the pitch plane is approxi- 

2.5 INSTRUMENTATION 
Vr, a) Instrumentation w a s  provided to measure  axial thrust, yaw force,  

pitch force,  roll  force, motor ignition and combustion chamber pressure ,  
low-range combustion chamber pressure ,  motor skin temperature ,  pro- 
pellant grain temperature,  motor case  strain,  and test  cell ambient pres -  
s u r e  and temperature  (Fig.  11). 

m) Axial thrust  w a s  measured with the six-component thrust  stand 
using a 100, 000-lb, multiple-output, strain-gage-type axial load C e l l .  
Yaw forces  and pitch fo rces  were measured with 6000-lb, multiple- 
output, strain-gage-type load cells. The roll  force was measured with 
a dual-output, bonded, strain-gage-type load cell,  rated fo r  0 to 100  lb .  

UNCLASSIFIED 
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Universal flexures isolated all  load cells from any forces  other than 
those induced through the load cell  axes. The axial load cell  instru- 
mentation channels were spanned f o r  0 to 10, 000 lb. The yaw load cell  
channels were spanned for  0 to flOO lb, the pitch load cell  channels w e r e  
spanned f o r  0 to f1500 lb, and the roll  load cell channels were spanned 
for  0 to  f 5 0  lb  using the laboratory calibrations a s  a basis.  

Pressures were measured by strain-gage-type p res su re  t rans-  
ducers,  and temperatures were measured by iron-constantan and 
ChromelB-Alumel@ thermocouples. The p res su re  t ransducer  c annels 
were spanned using the laboratory calibrations. The thermocouples were 
connected to a 150°F reference junction, and their  channels spanned with 
a National Bureau of Standards temperature table a s  bas i s  (Ref, 11). 

k 

a Load cell, p ressure  transducer,  and thermocouple outputs w e r e  
recorded on the digital data acquisition systems with a nominal e r r o r  
from input to output tape of fO. 1 percent full range. 4 

(I) The output signal f rom each measuring device of the pr imary data 
was recorded by independent instrumentation systems or channels. 
The pr imary  digital data consisted of two axial thrust  channels, four 
yaw force channels, two pitch force channels, one combustion chamber 
p re s su re  channel, one roll  force channel, and one tes t  cell  p re s su re  
channel. This digital data system recorded in the following manner: 
Each output signal was indicated in totalized digital form on a visual 
readout of a millivolt - to-frequency converter-  totalizer (Vidare), and 
also was recorded in analog form on a photographically recording, 
galvanometer-type oscillograph, A magnetic tape system recording in 
frequency form, stored the digital signals f rom the converter-totalizer 
for  reduction at a l a t e r  t ime by an electronic digital computer. 
digital computer - complex provided a printed tabulation of absolute values 
and total integrals at  time intervals of 0. 1 sec.  

a This primary digital data system is equipped with an adjustable 

This 

full-scale resolution for  various input voltages. This  feature  is' uniquely 
compatible with the "stiff" stand concept in that the reduced voltage out- 
puts associated with using grossly oversized load ce l l s  to measure  smal l  
forces  can be associated with a full-scale digital resolution. 
value of a special calibration over a smal l  portion of a load ce l l ' s  rated 
range i s  not lost. 

0 A second digital system, called a multi-input, analog-to-digital 

Thus the 

1 

converter (Microsadica) was used to  record  selected channels of axial 
thrust ,  yaw force,  pitch force,  roll  force,  t es t  cell  ambient p re s su re ,  
all temperature channels, and low-range combustion chamber  p r e s s u r e s  

6 
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on a magnetic tape system, which s tored the t ime shared channels for  
reduction at  a la te r  t ime by a digital computer. 

A separate 1-in. tape recorder  system was used to reco(Pthe 
vibration signals f rom three crystal load cel ls  (Fig. 1 2 )  and various 
accelerometers .  These systems were se t  up and calibrated by RTF 
and Hughes personnel. 
to  Hughes Aircraf t  Company f o r  power density and spectral  analysis. 

The magnetic tape was copied and transmitted 

H T h e  oscillograph, recording with a paper speed of 40 in. / s ec ,  
provided an independent backup of all  operating instrumentation chan- 
nels except the temperatures.  Selected channels of axial thrust ,  motor 
combustion chamber pressure,  low-range combustion chamber p re s -  
sure ,  test  cell  ambient and temperature pressure ,  and motor skin 
temperatures were also recorded on null-balance, potentiometer-type 
s t r ip  char ts  for  immediate analysis following the tes t  firing. *. 

-Visual observation of the motor fir ing was provided by a 
closed-circuit  television monitor. High- speed, motion-picture cameras  
were used to provide a permanent visual record on the AMR antenna 
separation and the test  firings. 

g. 2.6 INSTRUMENTATION CALIBRATION 

The thrust calibrator weights, thrust  load cells,  and pressure  
t ransducers  were physically calibrated with NBS secondary standards 
in a laboratory before installation in the tes t  cell. 
the various t ransducers  in the tes t  cell,  the complete instrumentation 
systems were calibrated at  sea-level and pressure  altitude conditions. 

After installation of 

) The axial thrust  instrumentation systems were calibrated physi- 
cal P y with a binary deadweight calibrator using secondary standard 
weights (accurate to within 0. 0 1  percent), in conjunction with a bellcrank 
mechanism having an accurately measured lever  a rm.  The cal ibrator  is 
hydraulically operated and remotely energized f rom the control room, 
thus allowing calibration at  altitude p res su re  conditions immediately pr ior  
to firing. The yaw force systems were calibrated in place at  sea- level  
conditions using a force applied through a standard load cell and with a 
laboratory devised electrical s tep calibration a t  p ressure  altitude condi- 
tions. 
was mounted at  the motor mounting lugs and simulated an empty motor.  
Deadweights were attached to the calibrator at  each of two locations to  
simulate motor propellant weight change during burning. 
weight loading points were located at  the approximately motor pre-  and 

The pitch load cel ls  were calibrated with a calibrator device which 

The two dead- 
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post-fire CG locations. 
deadweight loads a t  a known point on the thrust  cradle. 

The roll  load cell was calibrated by applying 

The pressure systems were calibrated by a laboratory -sed 
electr ical  step calibration, which placed known resis tances  into the 
t ransducer  circuit to simulate a known input signal level. The r e s i s -  
t o r s  for  all  electrical calibrations were selected from the control room. 
This procedure allowed calibration of the instrumentation systems a t  
altitude pressure conditions immediately pr ior  to firing. 

V ?  

SECTION 111 
PROCEDURE 

w) Upon arr ival  at AEDC, each motor w a s  s tored in a temperature 
controlled environment (bunker) of 70 f 5°F. The motor was within i ts  

1 1  shipping container, and the S / A  was "safe. L.. 

A physical and radiographic inspection was  made to determine 
if  an F damage had been caused in transit  and to ensure that each motor 
was acceptable for  fir ing at  RTF (Fig. 13). 

9) A special mounting ring was fitted to  each motor mounting lug 
hole pattern. 
to the thrust  cradle; during this operation each ring for  the thrust  
vector excursion program was match drilled to the cradle ,  and roll pins 
(dowels) were inserted to  allow the ring to be removed and handfitted to  
the motor.  
aligned position within the cradle (Fig. 13). These operations were 
performed with motor and cradle in the vertical  position. 
cradle  was then turned to the horizontal position, and the a l i g n d h t  
measurements were made of the misalignment of the nozzle centerline 
with respect  to the system (cradle)  centerline. Alignment methods in- 
cluded placing the motor cradle  on a granite surface table and placing 
optical targets  into the nozzle throat and exit planes ' (Fig.  14). 
optical t ransi t  /square w a s  used for  the alignment measurements .  The 
cradle  was manufactured to close tolerances and inspected under 
laboratory conditions so that all  cr i t ical  dimensions were accurately 
known, and since the cradle  was equipped with optical targets ,  it was 
possible to read the cradle  o r  nozzle alignment to  within 0.005 in. 
After the motor/ cradle  misalignment was recorded a t  the preparation 
a rea ,  the assembly was transported to the tes t  cell. and installed. 
the cell  temperature conditioning was begun, and the motor /c rad le  was 
conditioned at  50 f 3°F for  60 h r  f o r  the thrust  vector excursion program. 

This s ame  mounting ring was  a lso fitted and pre-aligned 

Then it was  returned with motor attached to the same pre-  

The motor 

An 

Then 
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However, for  the thermal  gradient program, each motor was pre-d, 
conditioned in a refrigerated t ra i le r  at 50 f 5°F for 45 hr .  

m) After temperature  conditioning was completed f o r  the thrust  
vector excursion program, the thrust  cradle optical t a rge ts  w e r e a s e d  
to make a final alignment adjustment of the motor/cradle  to the ck-11 
thrust-takeout hardware.  The yaw and pitch force a r m s  were separately 
checked to ensure that they w e r e  parallel to each other and perpendicular 
to the axial centerline of the thrust cradle.  
ditioning system held the cell ambient temperature  at the preseleGted 
level during the pre-firing installation, alignment, and calibration pro- 
cedures.  When the sea-level calibrations were completed, the tes t  cell 
p re s su re  was reduced to  desired p res su re  altitude conditions using the 
plant rotating exhauster equipment. Then the altitude pre-firing calibra- 
tions were performed a t  a test cell pressure  of 0. 5 psia. The des i re  fo r  
an extremely stable background for  the instrumentation t ransducers  is in 
keeping with the "stiff" stand concept and precluded the use  of the auxiliary 
pumping system (which was capable of maintaining 0. 1 psia) fo r  either the 
altitude calibration o r  the firing. 

The cell temperature  con- 

;Illb After temperature conditioning was completed for  the thermal 
gradient program, each motor (in turn) was moved back to the rocket 
preparation a rea ,  loaded into the cradle (Fig. 8b), and then transported 
to  the tes t  cell and installed. With the use of optical t a rge ts  attached to 
the cradle  and optical alignment equipment, the motor/  cradle  was aligned 
t o  the thrust-takeout hardware to  within f1/64 in. During motor/&adle 
installation and alignment, the Thiokol Chemical Corporation (TCC) 
gradient conditioning equipment (Fig. 8c) was connected and used to re- 
condition each motor (at  the pre- gradient conditioning temperature)  f o r  
twice the t ime out of the required pre-gradient temperature  l imits.  Upon 
completion of all p re -  gradient conditioning requirements,  the TCC equip- 
ment was set  to hold the motor zone temperatures at the pre-selected 
levels  shown in Table I. 
approximately 18 hr .  During this time, sea-level calibrations were per-  
formed, and all  instrumentation and recording equipment underwent final 
checks and adjustments. After the completion of gradient conditioning 
requirements,  the test cell was sealed and reduced to  p re s su re  altitude 
conditions using the plant rotating exhauster equipment. Then the alti- 
tude pre-firing calibrations were performed a t  a nominal tes t  cell p re s -  
s u r e  of 0. 5 psia.  

The motors were gradient conditioned fo r  

d) After the altitude calibrations were performed and the interactions 
and force  calibrations manually reduced, studied, and found to be satis- 
factory,  the fir ing circuit  resistance and voltage were adjusted to give the 
des i red  fir ing current  of 5 amp/squib. 

UNCLASSIFIED 
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e A countdown procedure was begun which operated the cell  
support functions, activated the entire data recording-measuring com- 
plex, and f i red the motor. 

8, After motor burnout, the data complex (Micro-SADIC) was used 
to record post-firing case  and nozzle temperatures out to  T + 10 min, 
and then the post-firing altitude calibrations were performed and recorded. 

J) Then the tes t  cell p ressure  was returned to sea-level ambient 
conditions. 
to the pre-firing level, post-firing alignment measurements of the cradle  
were recorded. 

When the cell  temperature conditioning system had returned 

The expended motor with cradle was returned to the inspection 
area@The motor was weighed, inspected, photographed, removed f rom 
the cradle,  and replaced in the shipping container. Post-fir ing inspection 
consisted of measuring the nozzle throat and exit dimensions and photo- 
graphing any unusual features (anomalies) incurred during firing. 

SECTION IV  
RESULTS AND DISCUSSION 

I 

) Nine Thiokol TE-364 solid-propellant rocket motors were success-  
fully 9 gnited and operated at simulated altitude (near  vacuum) in Propulsion 
Engine Test  Cell (5-5). The motors were tested in two projects: 

I. Thrust Vector Excursion Measurement 

a.  

b. 

c.  

d. 

e .  

f .  

Motor S / N  A 2 1 - 1 1  (three-component stand) 

Motor S / N  A 2  1- 12  (three-component stand) 

Motor S / N  A21-17 (six-component stand) 

Motor S / N A 2 1 - 18 (six- component stand) 

Motor S / N  A21-23 (six-component stand) 

Motor S / N  A21-24 (six-component stand) 

Motor S / N  A 2 2 - 2  (single component stand) 
Motor S / N  A 2 2 - 3  (single component stand) 
Motor  S /N A22-4 (single component stand) 

These programs a r e  defined in Refs, 1 through 9. 

11. Thermal Gradient Program 
a. 
b. 
c. 

10 
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a The pr imary objectives of testing were to: (1) demonstrate 
altitude ignition capability, (2 )  measure altitude ballistic performance of 
motors with preselected grain temperature conditioning configurations 
imposed on the motor/propellant assembly, ( 3 )  determine the axial thrust  
vector excursion throughout motor operation, (4)  verify s t ructural  integ- 
ri ty of the motor during operation a t  near  vacuum conditions, and ' + 

(5)  measure the low-range combustion chamber pressure  af ter  pr imary  
burning was completed. 
motor skin temperature,  recording motor vibration signals, documenting 
antenna separation, and measuring exhaust plume heat flux. 

Secondary objectives consisted of measuring 

The data to fulfill these objectives for the nine fir ings a r e  pre-  
sente 9 in Refs. 1 through 8; however, this summary report  presents  a 
comparison of basic pr imary data for  all  motors tested.  

4rl ALTITUDE IGNITION CHARACTERISTICS 

a The nine motors were ignited successfully at simulated altitudes 
ranging from 75,  000 to 108, 000 ft (geometric altitude, Z, Ref. 12) .  The 
following table allows quick comparisons of the nine firings. 

, 

Motor S/N 

A21-11  
A21-12  
A21-17 
A 2 1 - 1 8  
A21-23  
A21-24  
A22-2 

A 2 2 - 3  

A22-4  

Motor 
Ignition 

Temperature, OF 

4 8  
49 
52  
5 3  
5 4  
5 3  

Gradient 
( 4 9 P  

Gradient 
( 4 5 P  

Gradient 
( 3 4 P  

Ignition 
Altitude, ft 

7 7 , 0 0 0  
76, 500  
7 5 , 0 0 0  
78; 000 
76, 000 
78, 000 

106, 000 

108, 000 

107,  000 

*Estimated average grain temperature.  

Squibs 

2 
2 
2 
2 
1 
1 
2 

2 

1 

Thrust Delay, 
msec  

125 
127  
126 
134 ~ 

122 
119 
1 2 5  

130  

99  9 

The thrust  delay time is defined a s  the t ime from the ignition 
pulse to the f i r s t  perceptible r ise  in thrust .  This time is a small ,  but 
important, par t  of the spacecraft flight control program. From these 
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data, a general conclusion can be made that the nine motors  tes te  
an average thrust delay t ime of 123 msec,  with a standard deviati 
f rom a mean value of f0. 09 percent. 

4.2 INTERIOR BALLISTIC PERFORMANCE 

e) The total burning t ime, defined a s  the t ime from the ignition 
pulse until the last  indication of combustion chamber p re s su re  o r  thrust  
as indicated by the full-range transducers,  is presented in the table 
below. 

Motor S /N  

A21-11 
A21-12 
A21-17 
A21-18 
A21-23 
A21-24 
A22-2 
A22-3 
A22-4 

Total Burning 
Time, sec - 

46. 5 
46. 5 
46. 5 
48. 3 
46. 6 
47.0 
50. 0 
50. 0 
52. 0 

Propellant Weight, 
lb  

1197. 80 
1198.76 
1228.96 
1229. 55 
1229. 01 
1231. 82 
1299.43 
1250. 61 
1250.59 

Grain 
Temperature ,  O F  

80 
49 
52 
53 
54 
53 

Gradient (49F 
Gradient (45)* 
Gradient (34)* 

*Estimated average grain temperature.  

The burning t ime increased 2 sec  (from motor  A22-3 to A22-4) 
a s  a 9 esult of the lower mean propellant temperature .  The cause for  
the 2-sec increase for motor  A21-18 is not apparent. 

0) The total impulse, corrected to vacuum, fo r  the nine motors  
tested, ranged from 348, 748 to 375, 890 lbf-sec.  
presented in Fig. 15. These data agree closely with theoretical calcula- 
tions f o r  constant specific impulse l ines;  however, the data indicate that 
there  is a constant bias between the thrust  vector excursion program and 
the thermal  gradient program of approximately 0. 6 percent.  

The impulse data a r e  

(#The specific impulse corrected to vacuum (Is) for  the f i r s t  s ix  
motors  (thrust  vector excursion program) ranged f rom 290. 7 to 
291.4 lbf-sec/lb,. The s ix  motors tested produced a specific impulse 
which was repeatable to within f O .  1 percent and resulted in an  average 
Is of 291. 1 lbf-sec/lbm with a standard deviation f rom a mean value of 
fO. 07 percent.  The I, for  the l a s t  th ree  motors  ( thermal  gradient p r o -  
gram)  ranged from 289.0 to 289. 5 lbf-sec/ lbm, with an  average value of 
289. 3 which was repeatable to  within f O .  1 percent. The average specific 
impulse f o r  the nine motors  tested was 290. 5 lb f -sec / lbm,  with a 
standard deviation from a mean value of f O .  29 percent.  

12 
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a The performance comparison of motors S / N  A22-3  and A22-4 
indicates that no significant effect i s  produced by the two different 
thermal gradients imposed on these motors.  Performance data plots 
( thrust ,  combustion chamber pressure,  tes t  cell  p re s su re )  presented 
in Figs. 16 and 1 7  a r e  f o r  1200, 1230, 1250, and 1300-lb motors (all  
weights nominal). 
conditioned with different thermal gradients ( see  Table I)  is also pre-  
sented for comparative study. 

The difference i n  the two 1250- lb  motors which were 

*The average overall thrust coefficient (CF) is deinfed a s  

tB F d t  + A E  ,'" p A  d t  
c, = 0 0 

where: 
F = axial thrust ,  l b  

A E  average a rea  of nozzle exit, in. 2 

A T  = average a rea  of nozzle throat, in. 2 

PA test cell ambient pressure ,  psia 

pc = motor combustion pressure ,  psia 

tg = total burning t ime, sec 

The average overall thrust coefficient (CF) (Refs.  1 through 8) 
ranged from 1. 809 to 1.874 f o r  the four 1230- lb  motors,  and the thrust  
coefficient for  the two 1 2 0 0 - l b  motors fa l l s  within this interval. 
CF f o r  the four 1230- lb  motors can be given a s  1. 845 f 2 percent. If 
the CF of 1. 809 for  A 2 1 - 1 8  is  ignored, then the CF is 1 . 8 5 7  f 1 percent. 
The calculated/measured overall thrust  coefficients were 1. 864, 1. 856,  
and 1. 859 (for A22-2, A22-3,  and A22-4, respectively). 
an average value of 1 . 8 5 9  f 0 . 5  percent. 

The 

This represents  

a) The average overall CF (weighted average) for  all  motors tested 
is 1 . 8 5 8  + 1 . 0  percent. 
cent l e s s  than theoretical (Ref. 1 3 )  

This represents  a value approximately 3 per-  

4.3 MOTOR VIBRATION 
wl, e The las t  four motors tested in the thrust  vector program 

(motors S / N  A21-17,  A21-18, A21-23, and A21-24)  were instrumented 
to  sense the motor induced vibrations at  the three  mounting lugs. The 
c rys ta l  load cel ls  ( transient force gages) were the most useful in 
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,%9f 
recording changes of the motor produced forces.  These sensors  were 
placed betweenthe motor mounting lugs and the thrust  cradle.  
manner, the motor compressed the sensor  during thrust .  Detailed 
analysis by Hughes Aircraft  Company (HAC) personnel to  determine the 
magnitude and frequencies of motor generated vibrations has been 
accomplished, and the data a r e  presented in Refs .  14 and 15. 

In this 

(.Two predominant response frequencies (natural frequencies) 
were identified; these were 310 cps and 940 cps. 
frequencies w e r e  a lso evident; however, isolation was occurring #e - 
yond 2000 cps. These data a r e  taken from the crystal  load cel ls  (Ref. 15). 

Responses at  hi h e r  

0, The thrust / t ime history on magnetic tape was used a s  a forcing 
function fo r  a further shaker tes t  of a Surveyor model. 

Hughes personnel concluded "Apart f rom the ignition, thrust  
buildup, and mid-burn force  transients,  the Surveyor retro-engines a r e  
considered to be smooth in operation, particularly from the vibration 
aspect ."  (Ref. 15) 

4.4 COMBUSTION CHAMBER OUTGASSING 

) Low-range p res su re  t ransducers  (with mechanical over-range 
safe y stops) were used to measure motor combustion chamber p re s -  
s u r e  after primary burning was complete. * v 

The low-range p res su re  data (Fig.  18) for  the thermal  gradient 
t e s t s  indicate that the motors  continued to produce exhaust gases  out to  
the end of data acquisition ( T  + 10 min). 
presented a r e  not affected by ambient p re s su re  (to T + 10 min) since the 
cell  was maintained a t  a sufficiently low p res su re  (approximately 
0. 1 psia)  to result in the motor nozzle throat remaining choked (super-  
sonic flow). The choking p res su re  rat io  was  determined by calculating 
an ambient to chamber p re s su re  rat io  assuming ideal gas,  one- 
dimensional, isentropic expansion, gas relationships with Y = 1.16, and 
assuming 70-percent p re s su re  recovery in the nozzle exit cone. 
ra t io  was calculated to  be 0. 87 and represents  the c r i t i ca l  ra t io  at  which 
the nozzle throat can become unchoked (flow subsonically). 

The chamber p re s su re  data 

This 

To estimate the thrust  (in vacuum) produced by these gases,  the 
h follo ing equation may be used: 
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where: 

F = axial thrust, lb  

C F  = vacuum thrust coefficient 

pc = motor combustion chamber pressure ,  psia 
*T = post-firing throat a rea ,  in. 2 

a This force must be accounted fo r  in the motor spacecraft. 
separation calculations. 
gassing of the motors  tested from nominal burnout out to 1 0  min was in 
excess  of 1900 lbf-sec in  each case.  

An estimate of the impulse produced by out- 

, 

4.5 THRUST VECTOR EXCURSION 

a The main thrust  vector excursion angle in the thrust  plane is 
the greatest  motor-created thrust misalignment that the Surveyor space- 
craf t  will have to correct .  
alternately known a s  the cone angle) is defined as the angle between the 
resultant thrust  vector and the nozzle centerline projected into the thrust  
plane. 
parallel to the nozzle centerline. 
co r rec t  for  a rolling moment about the axial centerline (nozzle center- 
line), which will exist as long as the thrust  plane and nozzle centerline 
are  not coincident. 

This vector angle in the thrust  plane (or 

The thrust  plane contains the resultant thrust  vector and is 
The spacecraft will a lso have t o .  

a, The maximum thrust  vector excursion angle, in the thrust  plane, 
range f rom 0 . 0 7  to  0.17 deg and occurred at random t imes ranging f rom 
15 to 37. 5 s e c  af ter  ignition for the motors which were f i red in a six- 
component thrust  stand (Fig. 19). These motors  had a maximum thrust  
vector excursion angle of 0. 11 deg (average value) o r  a median value of 
0. 12 f 0. 05 deg. 
mated to be within f O .  03 deg o r  less. 
was  within specification l imits (Ref. 14). 

1(p By using 0. 15 deg as the assumed maximum vector angle (Ref. 7 )  

The e r r o r  in  the vector angle measurements is esti- 
The thrust  vector excursion angle 

in the pitch plane f o r  motors  A21-11 and A21-12 (pitch and roll forces  
were not measured during these two firings), a calculated value of the 
maximum thrust  vector excursion angle in the thrust  plane is 0.175 deg 
f o r  motor  A21-11  and 0. 153 deg f o r  motor A21-12. These values a r e  
based on a normal distribution of the motors  tested in the six-component 
thrust  stand. 

Q The maximum rolling moment about the thrust  axis always 
occurred just before burnout o r  tailoff and ranged from 7 0  to 140 in. -1b 
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for  the four motors tested in the six-component thrust  stand. 
resul ts  in an  average rolling moment of 95 in. -1b o r  a median value of 
105 f 35 in. -1b. 
reveals that the rolling moment varied from -50 in. -1b (counter clock- 
wise) to  t-140 in. -1b (clockwise) f o r  the four motors tested. This indi- 
cates that the capability for rolling-moment correction must include a 
change in rotation during burning. 

This 

A fur ther  study of the rolling moment curves  (Fig. 20) 

e The values of rolling moment a r e  acceptable to the s p a c a a f t  
corrective system (Ref.  14) .  

The shape of the rolling-moment curve indicates that generally 
throughout each firing the value of rolling moment begins to increase 
at  a rapid rate  in the clockwise direction. 
moment curve is probably affected by the CG-propellant burning co r rec -  
tion and by some unknown fixed bias within the thrust  stand syste  
However, the accuracy of the data acquisition system for rolling moment 
is estimated to be f15  in. -1b (Ref. 7) .  

The shape of the rolling- 

: t 

4.6 TEMPERATURE AND HEAT FLUX DATA I 

I 

1)) Motor temperatures were measured at various locations onethe 
motor case and nozzle. These data a r e  presented for the thermal  
gradient motors in Fig. 21. These data were recorded for  10  min 
(Fig.  21) at  a test cell  p ressure  of approximately 0. 1 psia. 

#!!) The highest motor case temperatures  recorded during t h d a r i n g  
t ime (total burn t ime)  a r e  listed below in tabular form: 

Motor Location Thermocouple Temperature,  O F  

A 2 2 - 2  Case TMS-2 216 
A 2 2 - 2  Nozzle TMN- 1 369 
A22-3 Case TMS-3 217 
A 2 2 - 3  Nozzle TMN- 1 303 
A 2 2 - 4  Case TMS-3 256 $ 1  

A22-4  Nozzle TMN- 1 396 

The highest temperatures  recorded for  each motor during the 
10-m h period after ignition were 792"F, 614OF, and 754°F (for A22-2, 
A 2 2 - 3 ,  and A22-4, respectively). A l l  these maximums were recorded 
on the forward motor case  thermocouples (TMS-4) at  2 .75 min (A22-21 ,  
6 min (A22-3), and 2 .  92 min (A22-4) after ignition. 

Review of f i lm from a special motion-picture camera  (va;iable 
iris), which was used on the las t  thrust  vector tes t  firing, indicates 
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that heating of the nozzle outside surface began before motor b u r n h t  
o r  diffuser breakdown. 

9) Radiometers (Hycal Model R-2202-BX- 15)  and calor imeters  
(Hycal Model C-1300) were used to  measure exhaust plume heat flux 
during the thrust  vector excursion tes ts .  Radiant heat ra tes  of 5 to 
6 Btu/ft2- sec  were measured during motor burning. Spacecraft heating 
from this heat t ransfer  data is under study by Hughes Aircraft Company 
(Ref. 14). 

4.7 STRUCTURAL INTEGRITY 

A s  a general statement, the s t ructural  integrity of all nozzles 
was considered excellent. Although there  was nozzle spalling, which 
occurred to some degree in each motor tested (and probably did reduce 
motor performance), this did not create  a ser ious thrust  vector 
excursion. 

a 

(., Compared with the nozzles of the other eight motors tested, 
the nozzle on motor A21-23 was more seriously damaged. It must be 
pointed out that not only did the nozzle spa11 more and suffer nozale 
exit ring damage, but also the throat a r ea  increased (erosion) by nine 
percent. 
sion angle, it most probably did reduce motor performance. 
should be considered marginal when compared to the s t ructural  per-  
formance of the other nozzles. 
considered severe,  and the motor performed satisfactorily in i ts  present 
configuration, it might not have sustained an uprated mission. 

Although this did not seriously affect the thrust  vector excur- 
This nozzle 

Even though the nozzle damage was not 

@) An Altitude Marking Radar (AMR) antenna dish was attached to 
the nozzles of motors A21-17 and A21-18. 
exit cone plane in 40 msec or less .  
motor performance. However, on motor A21-18, it did damage an 
antenna mounting lug, which was normally embedded in the nozzle exit 
ring. 
excellent condition (Refs. 3 and 4). 

The antenna cleared the nozzle 
The antenna separation did not affect 

The nozzle on this motor sustained the simulated altitude fir ing in 

SECTION V 
SUMMARY OF RESULTS 

6 The resul ts  of the successful ignition and testing of nine TE-364 
solid-propellant rocket motors a t  simulated altitude a r e  summarized a s  
follows: 
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The maximum thrust vector excursion angle for the four 
motors tested with a six-component thrust  stand ranged 
from 0.07 to 0. 17 deg and occurred at random t imes from 
15 to 37. 5 sec  after ignition. c 
The maximum rolling moment about the thrust  axis ranged 
from 7 0  to 140 in. -1b and occurred just before motor tailoff 
f o r  each of the motors tested. 
the rolling moment varied from -50 to +140 in. -lb, which 
implies that the spacecraft capability for  correcting rolling 
moment must include a change in rotation during motor  
burning. 

The total impulse corrected to vacuum ranged from 348,750 
to  348, 950 lbf-sec for the two 1200-lb motors;  f rom 357, 300 
to  358, 580 lbf-sec for  the four 1230-lb motors;  f rom 361, 470 
to  362, 000 lbf-sec for  the two 1250-lb motors;  and 
375, 890 lbf-sec for  the one 1300-lb motor. 

The specific impulse, corrected to vacuum, fo r  the f i r s t  six 
motors ranged from 290. 7 to 291.4 lbf-sec/lbm. 
contour-throat deterioration is the most plausible cause of 
the lower performance value (290. 7 lb f -sec / lbm)  associated 
with motor A21-23. For the las t  three motors  ( S / N  A 2 2 - 2 ,  
-3 ,  -4)  tested, the specific impulse ranged from 289. 0 to 
289.5 lbf- sec  /lbm. Statistically calculated data indicate that 
the average specific impulse for  the nine motors  tested is 

The nine motors  were successfully ignited at simulated 
altitudes ranging from 75, 000 to 108, 000 f t .  
motors tested had an average thrust  delay t ime of 123-msec 
with a standard deviation from a mean value of f O .  09 percent. 

The motor s t ructural  integrity was excellent; however, 
spalling of the nozzle interior contour surface occurred on 
all motors tested. 
vector excursion, it probably did reduce motor  performance. 
The performance of the nozzle f o r  motor  S I N  A21-23, when 
compared with the performance of the other nozzles in this 
test series, should be considered marginal,  because although 
the motor performed satisfactorily in i t s  present  configuration, 
it might not have sustained an uprated mission. 

Hughes personnel concluded (from all  acceleration da@ required 
during these tes t s )  that apar t  f rom thrus t  buildup and mid-burn 
force transients,  the Surveyor retro-engines are considered 

A further study indicated that 

Nozzle 

290.5 lbf-sec/ lbm. 

The nine 

Although this did not c r ea t e  se r ious  thrust  

18 
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to be smooth in  operation, particularly k o m  t h e  vibration 
asDect. 

8. The low-range pressure data indicate that the thermal 
gradient motors continued to produce exhaust gases  up to 
T + 10 min af ter  ignition. 5 
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TABLE I 
THERMAL GRADIENT DATA 

Motor S / N  A 2 2 - 2  A22-3 A22-4 

Zone 1 (forward jacket) 67 f 7°F 67 f 7 ° F  52 f 7°F 

Zone 2 (aft jacket) 30 f 5°F 30 f 5°F 15 f 5°F 

Zone 3 (case  thrust  sk i r t s )  10 f 8°F 10 f 8°F -5 f 8°F 

G r a i n  Thermocouple Temperatures at  Completion of Gradient Conditioning 

TG- I* 
TG-2* 

TG-3* 

Average 

42°F 40°F 3 1°F 

40°F y 2 " y  26'F 

57°F 55°F 43°F 

49. 0°F 45.5"F 34. 3°F 

*TG-l and TG-2 were located 180 deg apar t  on the aft surface of the pro- 
pellant grain and were on a radius of 20 .5  in. for the centerline of motor.  
TG-3  was in the head end of the motor and one inch from the Pyrogen well 
insulating . 

8 
55 



* 
W m 

3 

A E D C-T R-65-244 

0 " 3 > 
a 

a 
LI: 

) , I 

> 3 

D 

D c 

N v) 

N 0 

v1 
3 

N 

3 

N 
m 

U 

a 
0 * m , 

> 

3 

c 

m In 

0 
m 
0 
v1 

CS 
LT a 

> 
I 

3 3 

3 

n 
3 

c 

B a 
h u 

d m  
m m  
W L n  

3 

v) N 3 

0 

0 
In 

3 
c 

B a 
6 

> > 

3 

; 

c 

% 
B 
$ 

t- 
m 

0 v) 

0 

m m 
N 

O 
t- * 
3 

v, W 

m 
10 

0 
v) 
N 3 

Ln W 

0 N 

v) 

1 . 

,- 3 

U F m m r I I 

J 

i 

d ro 

t- m 
d 
Ln 

L- 

d m N 

0 
0 W 

c- 
Ln m 

3 
0 

m 
N 
N 3 

* 
W . 
3 . 3 

m N 

3 
N 
U 

0 
n 

C 

C 
ro 
W 
d 

" 
(1 

n > 
r 

c U 

D 

N 
6 

n 
N 

0 
In c- 

m d m 

0 

t- 

3 3 

m 

m 

* 
v, 

W 

t- 

. - 

m 0 

3 
Ln 

4 L n  
t - m  
0 0  
L n v )  

. .  4: 

4: 
. 

3 

m 
N 

3 

3 
m 
N 

* 
3 

N 
m 

W 

m m N 

O 0 0 

N 
W m 

3 
W 

0 
Ln 
N 3 

v) W 

W 
3 . 
In 

-... 

v: 
m m 
N 

0 

Ln 
m 

00' 
In m 

0 

m 
v) 

t- W 

m C Ln 
m 
00' * W 

O 

N 
m 

m' 
Ln m 

0 
m m 

t- 
Ln W 

N m 

3 

W N 3 

N d (L: t- W 
m v) v) 

m 
N N 3 

cd m 3 

3 

* W 

Ln 
. 
3 . e 

d W . - m 
m m 

d 
N m  
I I  
3 N  
N N  
4 : 4  

N 
3 

r- 3 
m 
3 

I ,  
3 3  
N N  
4 - 2  

$ 8  
3 3  
N N  
4 4 :  

5 6  



ORIGINATIN G ACTIVITY (Corporete author) 

Lrnold Engineer ing Development Cen te r ,  

i rno ld  A i r  Force S t a t i o n ,  Tennessee 
\RO,  I n c . ,  Operat ing Con t rac to r ,  

REPORT T I T L E  

2 a  R C P O R T  S E C U R I T Y  C L A S S I F I C A T I O N  - 
2 6  GROUP - 

I 

1 REPORT DATE 

December 1965 
) a  C O N T R A C T  OR G R A N T  N O .  

AF40(600)-1200 
b. System 921E 

7 6  N O  O F  REFS 7 a  T O T A L N O  O F  P A G E S  

62 15  
9 a  O R I G I N A T O R ' S  REPORT N U M B E R ( S )  

AEDC-TR-65-244 

9 6 .  OTHER REPORT NO(S) ( A n y  othernumbera &at may be aaelpnod 
thia report) 

C 

d .  I N/A 

i u a l i f i e a  reyuestei-s i x y  ebtzin c o p i e s  of t h i s  r e p o r t  from DDC. 
0. A V A  I L  ABILITY/LIMlTATION NOTICES 

nl 
I 1 .  SUPPLEMENTARY NOTES 

N/A 

12. SPONSORING MILITARY ACTIV ITY 

Nat iona l  Aeronaut ics  and Space 
Adminis t ra t ion  (NASA), Western 
Opera t ions ,  Pasadena, C a l i f o r n i a  

2 -  ABSTRACT 

N i n e  Thiokol  Chemical Corporat ion TE-364, s p h e r i c a l ,  s o l i d -  / 
w o p e l l a n t  rocke t  motors ,  designed f o r  use  a s  t h e  main r e t r o g r a d e  
; h r u s t  motor i n  t h e  Hughes A i r c r a f t  Company Surveyor S p a c e c r a f t ,  
iere t e s t e d  i n  Propuls ion  Engine T e s t  C e l l  (5-5) a t  maximum s imula t ed  
t l t i t u d e s  ranging  from 110,000 t o  116,000 f t .  The o b j e c t i v e s  of 
; e s t i n g  were t o :  demonstrate an a l t i t u d e  i g n i t i o n  c a p a b i l i t y ,  
i easure  a l t i t u d e  b a l l i s t i c  performance a t  a p r e s e l e c t e d  g r a i n  
iemperature and a l s o  wi th  a thermal g r a d i e n t  imposed on t h e  motor/ 
m o p e l l a n t  assembly, determine t h e  a x i a l  t h r u s t  vec to r  excurs ion  
ihroughout motor o p e r a t i o n ,  v e r i f y  s t r u c t u r a l  i n t e g r i t y  of each 
io to r  du r ing  o p e r a t i o n  a t  near vacuum c o n d i t i o n s ,  measure t h e  low- 
'ange combustion chamber p re s su re  a f t e r  primary burning i s  complete ,  
tccomplish and document t h e  AMR antenna s e p a r a t i o n ,  r e c o r d  dynamic 
io rces  a t  motor mounting p lane ,  and measure exhaust  plume r a d i a t i o n  
i ea t  f l u x .  (U) 

I 
DD 1473 UNCLASSIFIED 

Security Classification 



-- UNCLASSIFIED 
Secur i ty  Classification 

4 
K E Y  WORDS 

*.- Sur  v e y o r  

F; e 1- f o r  m a n c  e 
t h r u s t  

~ .l. “1y, 

1- oc ke t mot o r  s 

'.@briar p r o b e s  

s o l i d  p r o p e l l a n t s  

i g n i t i o n  

t empei-n t u r e  
s tiwc t u r a  1 i n  t , e g r  i t y  

INSTRUCTIONS 

1. ORIGINATING ACTIVITY Enter t h e  name and addres s  
of t h e  contractor,  subcontractor, grantee,  *Department of De- 
fense act ivi ty  or other organization (colporafe aufhar) i s su ing  
the  report. 
2 8 .  R E P O R T  SECUHTY CLASSIFICATION En te r  the over- 
all  securi ty  c l a s s i f i ca t ion  of the report. 
“Restr ic ted Data” is includeh 
ance  with appropriate securi ty  regulations.  
2h .  GROUP: Automatic downgrading i s  specif ied i n  DoD Di- 
r ec t ive  5200.10 and Armed Forces Industrial  Manual. Enter  
the group number. Also,  when applicable,  show that optional 
markings have been  used for Group 3 and Group 4 a s  author- 
ized. 

3. R E P O R T  TITLE:  Enter  the complete  report t i t l e  i n  all 
capi ta l  let ters.  T i t l e s  i n  a l l  c a s e s  should b e  unclassified.  
If a meaningful t i t l e  cannot  be selected without c lansif ica-  
t ion,  show t i t l e  c l a s s i f i ca t ion  in a l l  cap i t a l s  i n  pa ren thes i s  
imxril iafely following the t i t le.  
4. DESCRIPTIVE NOTES: If appropriate, enter  the type of 
report, e.g., interim, progress ,  summary, annual,  or final. 
Give the inclusive d a t e s  when a specif ic  reporting period is 
covered. 
5. AUTHOR(S): Enter tbe name(s) of author(s) a s  shown on  
or in t h e  report. 
If  ml i t a ry ,  show rank a n d  branch of service.  T h e  name of 
t h e  principal ,.?thor is an  absolute minimum requirement. 
6. Enter the date of t he  report a s  day, 
month, year; or month, year. 
on the report, u s e  d a t e  of publication. 
7.3. TOTAL NUMBER O F  PAGES: T h e  total  page  count  
should follow normal pagination procedures,  Le., enter  t h e  
numher of p a g e s  containing information. 
76. NUMBER OF R E F E R E N C E S  Enter t he  total  number of 
r e fe rences  c i t ed  in t h e  report. 

823. CONTRACT OR GRANT NUMBER: I f  appropriate, enter  
t h e  appl icable  number of t h e  contraL t or grant under which 
t h e  report w a s  wr i t t en  
86, k ,  & 8d. P R O J E C T  NUMBER: Entei  t he  appropriate 
military department identification, s u c h  a s  project number, 
subproject  number, sys t em numbers, ?ask number, etc. 
9 a .  ORIGINATOR’S R E P O R T  NUMBER(S): Enter t he  offi- 
c i a l  report number by which the document will  b e  identified 
and contrcl led by t h e  originating activity. 
b e  unique to  t h i s  report. 
96. OTHER R E P O R T  NUMbER(S): If t he  report has  been 
a s s :gned  any o th r r  report numbers (erthr,r b y  the originator 
or b y  the sponsor), a l s o  enter  this number(s). 
10. AVAILABILITY/LIMITATION NOTICES: En te r  any lim- 
i ta t ions on further disseminat ion of t he  report, o ther  t han  those 

Indicate  whether 
Marking is to  b e  i n  a c c o r d  

Entei  l a s t  name, f i r s t  name, middle initial. 

R E P O R T  DAT? 
If more than one  d a t e  appea r s  

T h i s  nurr.ber must 

L I I  

R O L E  

- 

A 

W T  

- 

LIP 

R O L E  

0 

W T  

L I N K  C 

””i= 

imposed by  securi ty  c lassi f icat ion,  using standard s t a t emen t s  
s u c h  as: 

(1) “Qualified r eques t e r s  may obtain cop ie s  of t h i s  
report from D D C ”  

(2) “Foreiqn announcement and  disseminat ion of t h i s  
report by  DDC i s  not authorized. ” 

(3) “U. S. Government agenc ie s  may obtain c o p i e s  of 
t h i s  report direct ly  from DDC. Other  qualified DDC 
u s e r s  sha l l  request  through 

1 9  

(4) “U. S. military a g e n c i e s  may obtain c o p i e s  of t h i s  
report direct ly  from D D C  Other qualified u s e r s  
sha l l  request  through 

I ,  

( 5 )  “All dis t r ibut ion of t h i s  report i s  con t ro l l ed  Qual- 
i f ied DDC u s e r s  shal l  request  through 

8 ,  

If t h e  report h a s  been  furnished tQ t h e  Office of Techn ica l  
Services ,  Department of Commerce, for s a l e  to  the  public,  indi- 
c a t e  t h i s  f ac t  and enter  t h e  price,  i f  known. 
11. SUPPLEMENTARY NOTES: U s e  for additional explana- 
tory notes.  
12. SPONSORING MILITARY ACTIVITY Enter  the name of 
t h e  departmental  project  off ize  or  laboratory sponsoring ( p a y  
ing for) t h e  r e sea rch  and development. Include address.  

13. ABSTRACT: En te r  a n  abs t r ac t  giving a brief and factual  
summary of t he  document indicat ive of t h e  report, even  though 
i t  :nay a l s o  appea r  e l sewhere  in the  body of the t echn ica l  re-  
port. 
be a t tached.  

If addi t ional  s p a c e  i s  required. s. continuation s h e e t  shal 

It i s  highly des i r ab le  that  t he  abs t r ac t  of c l a s s i f i ed  report 
be unclassif ied.  E a c h  paragraph of t he  abs t r ac t  sha l l  e n d  witt  
a n  indication of t he  military securi ty  c l a s s i f i ca t ion  of t he  in-  
formation i n  the  paragraph, represented a s  fT.7). (S), (C). or (U, 

There is n o  l imitation on the  length of the  abstract .  How- 
ever,  the sugges t ed  length i s  from 150  t9 225 words. 

14. KEY WORDS: Key words a r e  technical ly  meaningful term: 
or short  ph rases  that  cha rac t e r i ze  a report and may b e  u s e d  a s  
index entr ies  for  ca t a log ing  the report. 
s e l ec t ed  s o  that  no securi ty  c l a s s i f i ca t ion  i s  required. Identi-  
f iers,  such  a s  equipment model designat ion,  trade name, mili te 
project code name, geographic locat ion,  may be used a s  key 
words but will  b e  followed by an indication of technical  con-  
text.  

Key words must b e  

The as s ignmen t  of l i nks ,  rules ,  and weights  i s  opt ional .  

. 

UNCLA S S IF I ED 
Security Classification 


